Introduction
At present seismocardiography and Tibetan pulse diagnostics are widely employed. ' The application of these methods call for high-precision vibration measurements. Strain gauges usually used for this purpose are inertial. Obviously, a fiber optical gauge (for example, as described in Ref. 2) does not have this drawback, but this gauge is not yet widely used.
Noncontact laser biovibration measurement methods are described in detail in Khanna' s works,3 where basil membrane vibrations of the inner ear are investigated by laser interferometric heterodyne methods. The means for vibration analysis described in Ref. 3 are likely to be suitable for cardiovibration and pulse wave monitoring. Nevertheless, the fact that coherent radiation scattered by bio-objects is accompanied by the formation of speckle fields is not completely taken into account for biovibration measurements. The interference between the speckle signal and reference fields has a number of features that require thorough study. The development of bio-object vibration parameter measurement methods is directly connected with the coherent light diffraction problem solution in the nonstationary, randomly heterogeneous media. 4 Rigorous analysis of light scattering by real biological objects is a formidable problem. The most comprehensive and rigorous analysis can be made for light scattering by moving rough conducting surfaces. This work presents biovibration measurement techniques of bio-objects coated with thin elastic metallic films, which do not influence Abstract. We consider the mechanism of the speckle interlerometer output signal formation for biovibration measurements. Statistical characteristic analysis of the output signal amplitude is carried out. The factors creating amplitude-phase modulation of the output signal are investigated. The possibility of a differential homodyne speckle interferometer application in Tibetan pulse diagnostics is demonstrated.
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the bio-object surface vibration law. In this case, the validity of data is doubt free and the experimental observations are found to be in agreement with the theoretical results.
In the present work, the formation mechanism of a homodyne speckle interferometer output signal is analyzed, and its output signal statistical characteristics are investigated. The results of experimental pulse wave investigations using a differential speckle interferometer are presented.
Interferometer Signal Forming
Let us analyze the Michelson interferometer ( Fig. 1 ) with rough reflecting plates instead of mirrors in both shoulders of the interferometer. Coherent radiation reflected from the surfaces has a random amplitude-phase spatial distribution. 5 That is why in the output plane with coordinate the two nonidentical speckle fields (noncorrelated by spatial variables) E1 (,t) and E2(,t) are overlapped. If both fields have identical linear polarization, then these fields in the interferometer output plane can be written in the following form:
where z is the longitudinal spatial coordinate; w is the laser radiation frequency; A1(,z), A2(,z), 'I1(,z), and t2(,z) are the random amplitude and phase distributions of the speckle fields; 'P1(g) and 1'2() are the deterministic phase field distributions, conditioned, for instance, by some wavefront sphericity or by a tilt in the registration plane; and 2zzis the difference of wave optical paths in the interferometer (Fig. 1 ). Ifthe displacement of the investigated surface 2 along the z axis changes in accordance with the harmonic law, Lz by the same value. Adjusting the interferometer optical scheme and changing the I'(), we can make the fringe period A appreciably larger than the lateral speckle dimensions. In this case, to register the output signal the photoreceiver aperture can be increased up to a distinct speckle size, and this increases the output signal amplitude. If zI'() = const over the whole output plane of the interferometer, then interfering speckle fields will be matched. To achieve the same effect for focused illuminating beams it is 2" sufficient to equalize path lengths in the interferometer. Let ' I us analyze the case for which a speckle-modulated section of this matched output field enters the photoreceiver aperture sp . The photoreceiver electrical signal is proportional to the power of the light arriving at the receiving aperture. Taking account of Eq. (3), this signal can be written in the form (4) where K is the proportionality ratio, and integration is performed over the area of the photoreceiver input aperture. Assume that the speckle field phases t and I2 are the constants in the limits of a distinct speckle and are changed randomly with equal probability over the interval ( -ir,'rr) from speckle to speckle. where S, is the area of the n'th speckle in the output field, LW? = 2n In the field phase difference in this speckle, N is the total number of speckles received by the aperture. So , (6) where
The amplitude A and the initial phase in Eq. (6) are random values because they are defined by random values A and . Their values depend on the particular realizations of reference and subject speckle fields at the receiving aperture and on the area of the aperture S,. Finally, in view of Eqs. (4) and (6), the expression for the interferometer output electrical signal can take the following form U(t)= U1 + U2+ U0 cos[ ++(z0+l0 sint)] , (9) where U1=KJJI1() d2 and U2=KJJI2() d2 are the constant signal components and U0 = 2KA is the signal amplitude. The structure of this expression is analogous to the output signal of the interferometer with mirror reflecting surfaces. The distinguishing feature is that the amplitude U0 and phase ':I: of the speckle interferometer output signal are random values defined by speckle field realizations at the receiving aperture. The statistical properties of these values for the speckle interferometer with a plane spatially nonmodulated reference wave were discussed in Ref. 7 . This work is concerned with investigating amplitude and phase interferometer signal statistical properties with specklemodulated subject and reference fields. Every elementary signal has a random amplitude and an mitial phase. If N speckles arrive at the receiving aperture, then with N> 4, the output signal will have Gaussian first-order statistics.8 Hence, the amplitude of this signal will be distributed according to the Rayleigh function.8 Figure 3 shows the experimental curve of the probability density distribution function (histogram) of the speckle interferometer (Fig. 1) output signal amplitude obtained for 300 realizations of the reference speckle field. About 900 speckles arrived at the photoreceiver aperture. The value of the surface vibration amplitude was about one wavelength. Comparison with the theoretical curve of the Rayleigh distribution function (7) P( U0) shows close agreement, especially for small signal amplitude values.
For the Rayleigh distribution, the average and the most probable values of the signal amplitude are proportional to (8) N V2 where N is a number of independent elementary signals and are proportional to the average amplitude of these sig- 
For the round photoreceiver aperture with the diameter of 2R, the number of speckles enclosed by it is (2R)2/2. Then Eq. (10) assumes the form (U0)=2RS . les entering the aperture and experimental results obtained for various aperture diameter values for an unchanging distribution of speckle sizes. The average signal amplitude value has been defined for up to 300 realizations of the reference speckle field. Experimental dependence of(U0) on the photoreceiver aperture diameter is nearly linear. Figure 5 demonstrates the dependence of the signal amplitude dispersion D on the number of speckles N, which, because it follows from the theory,7 is proportional to the number N. The maximal deviation of the experimental results from the theoretical prediction does not exceed 15%. So, in the speckle interferometer with both speckle-modulated waves for larger output signal amplitudes, it would be better to use a large photoreceiver aperture, including a great number of speckles with maximal average sizes. The last requirement can be achieved, as a rule, by bringing the laser beam to a focus on the scattering surface.
t. So, at the interferometer output, the signal of the type in Eq. (9) is formed, but with the variable amplitude U0 and the initial phase 1?. In an interferometer with a spatially unmodulated reference wave, modulation of this kind does not occur because the subject speckle field shift does not lead to interfering fields with phase difference changes in separate speckles. Possible modulation caused by aperture size urnitation is small and it is not taken into account in the interferometer under consideration. Figure 6 (a) shows a photocopy of the amplitudemodulated signal oscillogram. For different realizations of the reference speckle field with the same realization of the subject field and the constant vibration amplitude 1 the signal modulation depth is changed and can reach 100%. For some reference wave realizations it may be just absent. It is found that the main contribution to signal amplitude modulation is made by some number of ' 'closely packed' ' speckles, which play the dominating role in signal formation. In support of this supposition, the output signal oscillogram is shown in Fig. 6(b) . It is obtained with the same speckle field realizations at the receiving aperture as the signal in Fig. 6 (a).
Amplitude-Phase Modulation of Interferometer Signal
When the amplitude of normal surface vibration is not small, as a rule, the angular surface vibration appears. This leads to the appearance of periodic lateral shifts of the subject speckle fields. These shifts are equal to subject field amplitude-phase modulation at every point on the output plane. Using the speckle-modulated reference wave leads to phase difference LW and the interference signal amplitude changes in distinct speckles on the output field. In other words, the mutual periodic shift of the reference and subject fields leads to periodic modulation of the interference signal amplitude and phase in separate speckles as well as of the resulting interferometer output signal.9 That is why in Eqs. The difference consists of the fact that it is obtained when a small part at the photoreceiver aperture is blocked by an opaque screen (Fig. 7) . Dimensions of this region and its position are changed with the interfering speckle field realization changes. The blocking screen shift along the receiving aperture is accompanied by a change of the signal amplitude modulation depth.
Signal Statistical Properties for
Small-Vibration Amplitudes
The output signal amplitude of the homodyne interferometer working in the small vibration amplitude measurement < X/4) mode depends on the initial phase difference of interfering waves. Thus, statistical characteristics of this signal can be expected to be quite different. Let us consider the expression in Eq. (5), in particular the interferential component of a signal. For simplicity, we assume that M' + 47rzz0/X = 0 (this corresponds to the matched interfering waves). If 4'rrl0/X is small, Eq. (5) can be written as follows:
where the first component is constant in time. Taking account of Eq. (12), the interferometer output signal, Eq. (9) can assume the form U(t)=U1+U2+U12+U0 sin1t , 
Then the dispersion of this random value is equal to
The most probable value is equal to zero, and the average value (lUo()=(2ND/rr)V2 .
(19) Figure 8 shows the interferometer output signal amplitude (14)
probability density distribution obtained for 300 realizations of the reference wave speckle structure, with the vibration (2); (3) is a speckle structure. with high vibration amplitudes, also increases proportionally to the square root of the number of speckles or proportionally to the receiving aperture diameter. We used a spectrum analyzer for the experimental investigation of the signal amplitude average value and of its dispersion dependence on the photoreceiver aperture. The reference speckle field realizations are changed by moving the rough surface with constant velocity V. In this case, because reference speckle field dynamics at the receiving aperture in interferometer output signal low-frequency components appear [components U1 and U2 in Eq. (13) 
Human Pulse Wave Monitoring
Using the differential speckle interferometer (Fig. 9 ) pulse wave experimental investigations were carried out. Pulse waves were observed at the point of wrist skin surface (in Tibetan pulse diagnostics' the point is called "tson"). The optical signal was registered at the point where the speckle fields were matched. In this region, an interferometer output signal variable component amplitude is maximal. The analysis carried out in Secs. 2 to 5 refers to laser beams scattered by conducting surfaces. Skin is a complex multilayered object, and in this case, the speckles formed are of smaller sizes than those at diffraction by rough metallic surfaces. Light depolarization takes place and a number of other effects appear that cannot be described in the context of this theory. That is why in the experiments, the skin surface on the wrist was covered with reflecting metallized film (aluminum dust mixed with special medical glue). The pulsegram shown in Fig. 10 
Conclusion
It is shown that the homodyne speckle interferometer output signal amplitude is a random value that is defined by the scattering surface profile realization and conditions of the speckle field observations. With measurements of highamplitude vibration, the interferometer output signal distribution is near the Rayleigh distribution and is transformed into a unilateral Gaussian distribution while measuring small amplitudes (as compared to X). If a vibration amplitude is not small, one can observe amplitude-phase modulation of the interferometer output signal, caused by small mutual lateral shifts ofinterfering speckle fields, conditioned by angular vibrations, characteristic for living objects. It has been found that in measurements of small amplitude biovibration applications of speckle interferometers a differential optical scheme is preferred. We have demonstrated the possibility of a high-sensitivity vibrometer for application to the Tibetan pulse diagnostics problem. 
